ABSTRACT
INTRODUCTION

40
Nowadays bio-ceramic materials like hydroxyapatites are growing in importance in 41 different fields, particularly in tissue engineering for medical and dental applications. The 42 hydroxyapatite obtained from natural sources is called bio-hydroxyapatite (BIO-HAp), and 43 its main difference with synthetic apatites is that it is a carbonated hydroxyapatite which 44 contains other elements such as Na, Mg, Mn, Fe, among others (1, 2).
45
The physicochemical characterization of raw bone as well as BIO-HAp obtained through 46 different methodologies is still an open problem due to the complexity of the material.
47
Infrared and Raman spectroscopies have been extensively used to study these materials to 48 monitor the removal of the organic matrix from the mineral phase as well as to identify detail. Usually, when these spectroscopies are used to study the vibrational states in 53 synthetic and natural hydroxyapatites (5), the full width at the half maximum (FWHM) of a 54 characteristic peak is used to determine the crystalline quality of HAp crystals and for 55 clinical diagnostic (6). However, this criterion must be discussed in detail in the case of 56 nanostructures.
57
It is well established in the literature that nanosized crystals produce wider Raman bands 58 than micro-sized ones as can be found for semiconductors as Si (7, 8) . The phonon 59 confinement model has been proposed to explain Raman spectra in nanosized systems 60 because the surface states must be considered (9-12). According to Gao et al. (13) states break this rule and must be incorporated into the calculation.
106
Considering the above references, the aim of this work was to study the influence of the 
MATERIAL AND METHODS
112
Raw bone and annealed samples 113 Cortical bones from bovine, porcine, and human femurs were used for this work. Human 
183
The images in Fig. 2 work, and these values were compared with others found in the literature in Table 1 . 
216
After calcination, clearly the 560 cm -1 band becomes narrow and well defined. Some bands 217 shown in Table 1 correspond to organic material and adhered water in the samples which 218 disappear after calcination as H, I, J, K, and L bands (see Fig. 4 
C). Regarding Sigma
219
Aldrich sample, it does not exhibit any carbonate band then it is clear that this sample is a 220 non-carbonated hydroxyapatite that contains a carbonyl group. The A, B, and C bands are 221 presented in the studied samples. However, the origin of these bands is not understood. 
Raman vibrational analysis
227
The Raman spectra of the two sets of samples, raw and calcined, which correspond to nano-
228
and micro-crystals, are displayed in Fig. 5 , as for Sigma Aldrich hydroxyapatite. All found
229
Raman bands are shown in Table 2 . analyzed.
235
As can be observed from this figure, raw samples for porcine, bovine, and human bones 
SEM analysis
245
The effect of the incineration process on the crystal size of the calcined samples is showed 246 in Fig. 6 for P-720 (A), B-720 (B), and H-720 (C) samples. As was mentioned above, these 247 samples were calcinated at 720°C using the same thermal profile. Fig. 2 fact directly affects the Ca/P ratio that is 1.67 for stoichiometric hydroxyapatite, as can be 275 seen in Fig. 3 A. In the case of Sigma-Aldrich hydroxyapatite sample, it was found that its 276 calcium value is the highest and its Ca/P ratio is higher than for a stoichiometric 277 hydroxyapatite. Fig. 3 B exhibits the content of the minority elements in the bone which Rendon and Serna (36) studied the effect of the crystal size on the infrared spectra of 300 hematite formed between 250 to 600 °C; they showed that the differences in the infrared porcine bones gave, as a result, the formation of sub-micron crystals, and the infrared and
337
Raman spectra of raw and calcined samples displayed marked differences. Considering that 338 raw samples are nanoplates with high crystalline quality, the calculation of the crystalline 339 percent in the present form does not make any physical sense. 
